Introduction
Neurological and psychiatric disorders account for onethird of the total disease burden in the developed world [1] . Current surgical, behavioral, and pharmacological treatments generally lack the power and precision necessary to modify aberrant circuits and restore normal function. Effective treatments are possible if tools can be developed that operate at the same temporal and spatial scales as the brain (i.e., milliseconds and micrometers). The first half of this article summarizes the evidence that precisely timed release of neuromodulators may prove to be a valuable tool to manipulate fine-scale neural connectivity in humans. In the second half, I propose a new perspective on brain function that may explain a range of apparently contradictory observations related to cortical map plasticity associated with learning and disease.
Reversing pathological brain plasticity Although neural plasticity is generally viewed as an adaptive process, there is considerable evidence that plasticity can also be maladaptive [2] [3] [4] [5] . For example, brain changes in response to nerve damage or cochlear trauma appear to be responsible for many types of chronic pain and tinnitus. Significant injury-induced changes in map organization, spontaneous activity, neural synchronization, and stimulus selectivity have been observed in multiple regions of the central nervous system [2, 4] . In some but not all studies, the severity of phantom limb pain and tinnitus is well correlated with the degree of map reorganization in somatosensory and auditory cortex, respectively [6] [7] [8] . The ideal method to test whether pathological plasticity is directly responsible for these sensations would be to reverse the plasticity and evaluate the perceptual consequence [9] .
Studies in animals have shown that repeatedly pairing sensory stimuli with electrical stimulation of the cholinergic nucleus basalis (NB) of the basal forebrain generates precise, powerful, and long-lasting changes in cortical organization [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] . In principle, this method could be used to reverse the effect of pathological plasticity [20] . However, NB stimulation is highly invasive and, thus, is not practical for clinical use. The vagus nerve is more readily accessible, and a recent study reported that pairing brief bursts of vagus nerve stimulation (VNS) with sensory inputs can generate highly specific, long-lasting, and therapeutic neural plasticity [9] .
The efficacy of VNS in enhancing plasticity appears to lie in the synergistic action of multiple neuromodulators, including acetylcholine, norepinephrine, serotonin, and brain-derived neurotrophic factor [21] [22] [23] . VNS improves learning and memory of associated events in rats and humans using the identical stimulation parameters [24, 25] . Repeatedly pairing a single tone with VNS is sufficient to generate specific, powerful, and long-lasting changes in the auditory cortex map of tone frequency (Figure 1a) [9]. Importantly, VNS-directed plasticity is temporally precise. Map expansion was specific to the tone frequency paired with VNS and no changes were observed in response to another tone frequency that was separated by several seconds from the frequency paired with VNS [9] . Pairing VNS with sensory stimuli is a potentially attractive method of modifying neural circuits without significant adverse effects. VNS is well tolerated in the 60 000 patients who currently receive VNS therapy for epilepsy or depression [26] . By pairing tones with a brief burst of VNS, it is possible to drive plasticity in rats with only 1% of the intensity of the VNS that is delivered clinically [9, 26] . Pairing trigeminal nerve stimulation with tones failed to generate map plasticity [9] , which suggests that VNS is particularly well suited to direct neural plasticity.
Directing plasticity to reverse pathological changes associated with chronic tinnitus If appropriately targeted, VNS-directed plasticity can be used to normalize pathological plasticity caused by injury to the nervous system. The first proof-of-concept experiment to show that VNS-directed plasticity can be therapeutic was conducted in an established animal model of chronic tinnitus [27] . Tinnitus is the perception of sound in
